Plasmid R100 confers conjugal transfer ability on its host bacteria and is transmitted from one host to another. R 100 and several other conjugative plasmids, such as F and R 1, share structural and functional homology in the tra region which is responsible for DNA transfer (7, 8, 23, 27) . The tra region contains at least 26 genes which are considered to be organized into three main operons, traM, traJ and tra Y I(Z) (for recent reviews, see references 18, 36). However, several chromosomal mutations are also known to influence genetic transfer (for a review, see reference 28). For example, transfer of R 100 and F is reduced in a host mutant lacking IHF (integration host factor) (3,10). There are possible IHF recognition sequences in the region containing the origin of transfer, oriT, of R100 (20; see Fig.  1B ), but any of these sequences are not actually shown to be bound by IHF. Here we report the determination of the location of the two IHF binding sites in oriT. One site (designated ihfA) was located between the proposed nicking sites and the TraY protein binding site sbyA. The other (designated ihfB) was upstream of the promoter for the traM gene. We discuss the possibility that IHF may be involved in the nicking reaction promoted by a putative TraY-TraI endonuclease by binding at ihfA and regulate the expression of traM by binding at ihfB.
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To first confirm that IHF actually binds to oriT of R100, a gel retardation assay was carried out by two-dimensional gel electrophoresis. We used an oriT containing plasmid pSI87-XE1(17; see Fig. 1A ) digested with XhoII and NsiI. The DNA fragments were incubated with or without IHF and electrophoresed in the first dimension in a polyacrylamide gel, and the gel was treated with SDS and Fig. 1 . The structure of plasmid pSI87-XE 1 and the nucleotide sequence of the region containing oriT. (A) pSI87-XE1 carrying the segment of R100 (a thick line), containing oriT and part of the traM gene, and the segment of the vector pUC 19, containing lacZ' (a thick open arrow) and po (the lacPO region). Relevant restriction sites on this plasmid for XhoII (X) and NsiI (N) are shown. Four boxes underneath pSI87-XE1 indicate the fragments used to prepare the 32P-labeled fragments used in the DNase I footprinting experiments; the 286-bp XhoII-ScaI fragments, the 288-bp Dral-EaeI fragment and the 353-bp HphI-EaeI fragment (hatched boxes). Asterisks indicate the 32P-labeled 5'-ends. The fragments labeled with 32P at one of the 5'-ends were prepared as described previously (16) . Note that the scale of the pUCl9 sequence is different from those of the other sequences. (B) The nucleotide sequence of the oriT region (17, 20) . Conserved and nonconserved regions in oriT among plasmids related to R100 are shown. Proposed nick sites in oriT of F (31, 32) are indicated by solid arrowheads. The putative amino acid sequences encoded by gene X and traM are electrophoresed in the second dimension. Two fragments formed retarded bands seen as off-diagonal spots (see white arrowheads in Fig. 2 ), indicating that these two were specifically bound by IHF: One was the 412-bp XhoII -NsiI fragment which had the oriT region of R100 containing the three possible IHF recognition sequences (see Fig. 1B ). The other was the fragment which had the promoter-proximal region of the bla gene of pUC 19, which was previously shown to contain several IHF recognition sites (11) .
To precisely determine the IHF binding sites in the oriT region, DNase I footprinting experiments were carried out. Using the 286-bp XhoII-ScaI fragment labeled with 32P at either of the two 5'-ends, IHF was found to protect one region (22)) and electrophoresed in the first dimension. The gel was treated with SDS at 60°C and electrophoresed in the second dimension, as described previously (16) . The off-diagonal spots are indicated by white arrowheads. Lengths in by of the restriction fragments are shown on the left side of the gel.
against DNase I digestion (hatched boxes shown in Figs. l B and 3A) . The protected region (designated ihfA) contained one of the possible IHF recognition sequences. Similarly, another IHF-binding site was also identified using the 288-bp DraI-EaeI fragment and the 353-bp HphI-EaeI fragment (Fig, 1A) labeled with 32P at the 5'-ends of the DraI site and the EaeI site, respectively (Figs. l B and 3B) . The protected sequence (designated ihfB) contained another possible IHF recognition sequence.
The oriT region contains a highly conserved region as well as a nonconserved Fig. 1B ) which were determined using position markers prepared by the dideoxynucleotide method using the ScaI primer, as described previously (16) .
(B) The 288-bp DraI-EaeI fragment labeled with 32P at the DraI site (see Fig. 1 ). Lanes l-4 show samples containing the same amount of IHF as those used in lanes 1-4 in (A), respectively. The protected region (hatched boxes) were determined using position markers prepared by the dideoxynucleotide method using the synthetic DraI primer (5'-AAATCATGTAATTAACAAACG-3'). Enhancement of cleavage by DNase I in the presence of IHF was not observed in this strand. region among R100-related conjugative plasmids (16; Fig. 1B) . The conserved region contains one or several sites for specific nicking, which is an initial event in DNA transfer upon expression of the tra genes and is caused by a plasmid-specified endonuclease (31, 32; see Fig. 1B ). The endonuclease is assumed to be a complex of the products of tra Y and tral (previously assumed as traZ) (6, 33) . The TraI protein, which is DNA helicase I (1), is suggested to generate a nick(s) (35) presumably by recognizing the conserved region. The nonconserved region contains a region called sbyA (for specific binding site of the Tra Y protein) which is specifically bound by the TraY protein (16; see Fig. 1B ). In the IHF binding sites identified in this paper, one site (ihfA) is located in the region 59 by long between sbyA and the proximate one of the proposed nicking sites and encompassing the junction of the conserved and nonconserved regions in oriT. Since transfer of R100 from a host mutant lacking IHF is reduced (3, 10) , and since the purified TraY and TraI proteins from F plasmid cannot introduce a nick at oriT (19) , the location of ihfA suggests that IHF is quite likely to be involved in the nicking reaction by the putative TraY-TraI endonuclease. In fact IHF is necessary for the in vitro nicking reaction (Inamoto, S., Fukuda, H., and Ohtsubo, E., unpublished data). IHF is known to bend DNA by binding to its recognition sequence (14, 24, 26, 29, 30) . DNA bending per se has been shown to be important in the bacteriophage 2 integration system (13), and IHF-induced bending is suggested to stabilize Int-induced looping between two Int sites by shortening the spatial distance (21) . We, thus, assume that higher-order structures involving a bent DNA-protein complex are important for nicking at oriT, such that IHF-induced bending promotes interaction of the TraI protein with the TraY protein and with the region around the nicking sites.
IHF enhances binding of Int to the core (2). IHF binds to both ends of transposon yb cooperatively with yb transposase (34) . It is noted that sbyA and ihfA are adjacent to each other. It is therefore likely that IHF binds to oriT in a cooperative way together with the TraY protein. However, DNase I footprinting experiments indicated that IHF and the TraY protein bound to their sites on the 286-bp XhoII-ScaI fragment in an almost independent way (data not shown). As IHF stimulates the binding of Int to sites in the arms of attP on supercoiled DNA (25), the possibility is still left that IHF enhances binding of the TraY protein to sbyA on superhelical DNA.
We have shown here that IHF binds to the other site (ihfB) which is located upstream of the promoter region of traM (see Fig. 1B ). It is likely that binding of IHF to this site modulates transcription of traM, as is true in many other genes (for a review, see reference 9). It is also likely that this site is involved in nicking reaction, although the distance between this site and the nicking sites is at least 146 bp.
McIntire and Dempsey (20) have noted that there are two possible IHF sites in the nonconserved regions in the oriT sequences of F, R1, and ColB4. The oriT sequence of P307(12) also seems to contain two possible IHF sites in the nonconserved region. Each of these sequences is located in the locations corresponding to the two IHF sites in the R100 identified above. This may further confirm that the two IHF sites in the oriT region of R100 are important.
The ideas described in this paper has been reported in a preliminary form (15). Dempsey and Fee (5) reported a result similar to ours during the preparation of this paper.
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